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MOBILE WIRELESS COMMUNICATION DEVICE ARCHITECTURES 

AND METHODS THEREFOR 

FIELD OF THE INVENTIONS 

The present inventions relate generally to mobile wireless 
commiinication architecttores, and more particularly to virtual channel shared 
memory architectures for mobile wireless communications, combinations thereof 
and methods therefor. 

BACKGROUND OF THE INVENTIONS 

The realization of increased data rates and operation of processor 
intensive applications, including multimedia, Internet access, etc., in future 
generation wireless commimication systems, for example 3^^ Generation W- 
CDMA systems and beyond, will require substantial amounts of memory and 
processing performance, which are constrained by cost, power consumption, 
packaging and other considerations. 

In prior art FIG. 5, a known wireless commimication architecture 
comprising discrete basesband and application processing circuits provides 
relatively good performance, but at a high cost and high part count, and with a 
large footprint. 

In prior art FIG. 6, another known wireless communication 
architecture comprising integrated baseband and application processing circuits 
has a reduced the part coxmt and a reduced foot print in comparison to discrete 
architectures of the type illustrated in FIG. 5. The RISC core performance in the 
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architecture of FIG. 5, however, is limited by the memory system implementation, 
and DSP expansion is limited by the amount of on-chip memory. 

The various aspects, features and advantages of the present 
invention will become more fully apparent to those having ordinary skill in the art 
upon careful consideration of the following Detailed Description of the Invention 
with the accompanjring drawings described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exemplary multiple processor core, virtual channel 
shared memory based architecture. 

FIG. 2 is an exemplary virtual channel shared memory based 
wireless conmiunications architecture. 

FIG. 3 is an exemplary virtual channel memory controller. 

FIG. 4 is an exemplary timing diagram for a virtual chaimel shared 
memory architecture. 

FIG. 5 is a prior art wireless communication architecture having 
discrete baseband and application processing circuits. 

FIG. 6 is a prior art wireless commimication architecture having 
integrated baseband and application processing circuits. 
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DETAILED DESCRIPTION OF THE INVENTIONS 

In FIG. 1, a virtual charmel memory controller 10 interconnects first 
and second processor cores 12, 14 to first and second synchronous memory 
devices 16, 18. The first s5mchronous memory device 16 is coupled to the virtual 
charmel memory controller 10 by a dedicated first data bus 17, and the second 
synchronous memory device 18 is coupled to the virtual channel memory 
controller 10 by a dedicated second data bus 19. The first and second synchronous 
memory devices are also coupled to the virtual channel memory controller 10 by a 
shared address and control bus 20. In other embodiments, additional memory 
devices and processor cores may be used. 

FIG. 2 is a wireless commimications architecture comprising a virtual 
channel memory controller 210 interconnecting a digital signal processor (DSP) 
212 and a reduced instruction set (RISC) processor 214 to synchronous SDRAM or 
SRAM 216, and is burst FLASH/ROM 218. The SDRAM/SRAM is coupled to the 
virtual channel memory module by a first data bus 217, and the Burst 
FLASH/ROM 218 is coupled to the virtual charmel memory controller by a second 
data bus 219. In other applications, other processor cores and synchronous 
memory devices may be used alternatively. 

The SDRAM/SRAM and Burst FLASH/ROM are coupled to the 
virtual channel memory controller 210 by a shared address and control bus 220. 
The exemplary address bus support multiplexing. A complete address is signaled 
to the memory device over two clock cycles; ihe first cyde conveys tiie row 
address and the second cycle conveys the column address. 

In FIG. 2, a first peripheral 222 interfaces the DPS core with radio 
hardware, and a second peripheral 224 interfaces the RISC core to keypads, 
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keyboards, timers, serial commimication modules, etc. One or more direct 
memory access device, for example DMAl & DMA2 devices 226, 228, move data 
from/to the memory and the peripherals via the virtual channel memory 
controller 210. 

The wireless conunimication architecture also includes a display 
controller, for example an LCD controller 230, comprising digital logic for 
rendering text and/or graphical images on a display based on data stored in 
memory. Other displays and corresponding controller may be used alternatively. 

In FIG. 1 and 2, the first and second synchronous memory devices, 
e.g. SDRAM/SRAM 216 and Burst FLASH/ROM 218, are preferably commodity 
market sourced high-density memory devices, external to the virtual charmel 
memory controller. In FIG. 1, the virtual channel memory controller and 
processor cores are disposed on a common integrated circuit 22, and the first and 
second synchronous memory devices are external thereto. Similarly, in FIG. 2, the 
DSP and RISC cores 212 & 214, peripherals 222 & 224, DMAl and DMA2 226 & 
228 and the display controller are integrated with the virtual channel memory 
controller 210 on a single application specific integrated circuit (ASIC), and the 
SDRAM/SRAM and FLASH/ROM memory devices are external to the ASIC. The 
preferred memory devices are thus low cost and may be expanded without ASIC 
redesign. The shared address bus reduces pin count on ASIC. 

The virtual channel memory controller supports deep pipeline and 
concurrent memory access to the first and second memory devices by multiple 
processor cores and peripherals. In some embodiments, the virtual channel 
memory controller also provides memory protection as discussed more fully 
below. 
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Generally, the first and second synchronous memory devices are 
addressed with the shared address bus intercormecting the memory devices and 
the virtual channel memory controller. The first and second synchronous memory 
devices are thus accessed simultaneously for memory location read /write 
operations by the corresponding first and second data buses. Addressing the 
memory devices while the memory devices are being accessed eliminates or 
reduces latency. 

In FIG. 3, the exemplary virtual channel memory controller 
comprises a SRAM/SDRAM memory controller 320 and a Burst FLASH/ROM 
memory controller 322, which are coupled to the corresponding external memory 
devices my corresponding data busses D^ and D^ as discussed above. The memory 
controllers are both coupled to the processor cores, DMAs and other controllers, 
for example the display controller, of FIG. 2, by corresponding memory logic with 
data, address and control interfaces B^, B^, B3, B^ and B5. 

Address bus arbitration logic 330 interconnects the memory 
controllers 320 and 322 for resolving requests from the memory controllers for use 
of the shared address bus. The logic 330 includes inputs for receiving requests 
from the memory controllers, and outputs for enabling memory access by the 
controllers. Requests are resolved on a first come, first served basis. The outputs 
also indicate when the address bus is busy and when the requesting controller 
must wait. 

A multiplexer 340 routes address signals from the selected one of the 
first and second memory controllers 320, 322 to the shared address bus. The 
exemplary multiplexer includes generally a digital selector with an input s, t, from 
each controller, and an output "out" on the shared address bus V. The multiplexer 
output is controlled by a "select'' signal from the address bus arbitration logic 330. 



"Mobile Wireless Communication Device Exp. Mail No. EL 759669766 US 

Architectures And Methods Therefor" 
Atty. Docket No. CS11241 

In one exemplary mode of operation, in FIG 4, at Clock time "0", the 
Row Address Strobe is signaled high for Memory Selectl (SDRAM/SRAM) 
location "A". The Address Bus signals "Row-A' during his time period. At Clock 
time "V, the Column Address Strobe is signaled high for Memory Selectl 
(SDRAM/SRAM) location "A". The Row Address Strobe is signal low, and the 
Address Bus signals "Col-A". 

In FIG. 4, at Clock Time "2", the Row Address Strobe is signaled high 
for Memory Select2 (FLASH/ROM) location "B". The Address Bus signals "Row- 
B" during his time period. At Clock time "3", the Column Address Strobe is 
signaled high for Memory Select2 (FLASH/ROM) location "B". The Row Address 
Strobe is signal low, and the Address Bus signals "Col-B". The access to memory 
location "B" in the FLASH/ROM is concurrent with access to memory location 
"A" in the SDRAM/SRAM. 

During Clock times 4-7, no memory locations are addressed. 
Preferably, the address bus does not change state from is last state, "Col-B", thus 
reducing power consumption associated with signal transitions on the address 
bus. During this period. Clock time 4-7, the data busses D^ and D^ are idle since 
there were no prior data requests in the example. If the memory access is a read, 
the memories are retrieving data requested during this time, the memory latency 
period. 

At Clock time "S", the first data word of a burst of 8 data words from 
SDRAM/SRAM appears on the data bus Dj. At this time also, the Row Address 
Strobe is signaled high for Memory Selectl (SDRAM/SRAM) location "C", and the 
Address Bus signals "Row-C". At Clock time "9", the Column Address Strobe is 
signaled high for Memory Selectl (SDRAM/SRAM) location "C". The Row 
Address Strobe is signal low, and the Address Bus signals "Col-C". 
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Dtiring Clock time "10" the address bus is inactive, and the first data 
word of the 8 bit data word burst from FLASH/ROM appears on data bus D^. At 
Clock time "11", the Row Address Strobe is signaled high for Memory Select! 
(FLASH/ROM) location "D", and the Address Bus signals "Row-D" during 
5 concurrent access to the SDRAM/SRAM and FLASH ROM memories. 

At Clock time "12", the Colttmn Address Strobe is signaled high for 
Memory Select2 (FLASH/ROM) location "D". At this time, the Row Address 
g Strobe is signal low, and the Address Bus signals "Col-D". At Clock times "13-19", 
5 the pipeline to both memories is full, except that the delay during Clock time "10" 
lU between the address of locations "C" and "D" caused an idle state to appear on 
S data btis D, at Clock time "18". 

^ In FIG. 3, the exemplary virtual channel memory controller also 

comprises a group of shared memory space access registers, or Semaphore 

O 

m registers 350, interconnecting the first and second processor core memory access 

1| register blocks 352, 354. The first and second memory access register blocks 352, 
354 are coupled to corresponding processor logic blocks 356, 358 for conveying 
address ranges and restrictioris for the core processors. 

The semaphore registers 350 convey access permission to the shared 
memory space. The Semaphore register settings ordy indicate memory access 

20 policy. The shared memory space facilitates interprocessor communication of data 
and other information by passing by reference, rather than copying data from one 
memory to the other. The first and second processor core memory access register 
blocks 356 and 358 define memory access permission and enforce protected 
memory areas on the processor cores. Thus configured, the processor cores cannot 

25 change the memory access configuration for other processor core. 
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In FIG. 2, the exemplary virtual charmel memory controller includes 
an optional local on-chip memory controller 360 for controlling local RAM/ROM 
illustrated in FIG. 2. The on-chip memory controller 360 has relatively low access 
times and thus does not require the deep pipelining and latency-hiding scheme 
discussed above in connection with the first and second external memory devices. 

While the present inventions and what is considered presently to be 
the best modes thereof have been described in a maimer that establishes 
possession thereof by the inventors and that enables those of ordinary skill in the 
art to make and use the inventions, it will be understood and appreciated that 
there are many equivalents to the exemplary embodiments disclosed herein and 
that myriad modifications and variations may be made thereto without departing 
from the scope and spirit of the inventions, which are to be limited not by the 
exemplary embodiments but by the appended claims. 

What is claimed is: 
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